Enterotoxigenic Escherichia coli (ETEC) is capable of invading epithelial cell lines derived from the human ileum and colon. Two separate invasion loci (tia and tib) that direct noninvasive E. coli strains to adhere to and invade cultured human intestine epithelial cells have previously been isolated from the classical ETEC strain H10407. The tib locus directs the synthesis of TibA, a 104-kDa outer membrane glycoprotein. Synthesis of TibA is directly correlated with the adherence and invasion phenotypes of the tib locus, suggesting that this protein is an adhesin and invasin. Here we report the purification of TibA and characterization of its biological activity. TibA was purified by continuous-elution preparative sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Purified TibA was biotin labeled and then shown to bind to HCT8 human ileocecal epithelial cells in a specific and saturable manner. Unlabeled TibA competed with biotin-labeled TibA, suggesting the presence of a specific TibA receptor in HCT8 cells. These results show that TibA acts as an adhesin. Polyclonal anti-TibA antiserum inhibited invasion of ETEC strain H10407 and of recombinant E. coli bearing tib locus clones, suggesting that TibA also acts as an invasin. The ability of TibA to direct epithelial cell adhesion suggests a role for this protein in ETEC pathogenesis.
Enterotoxigenic Escherichia coli (ETEC) is an enteric pathogen that causes watery diarrhea in humans and animals (22) . It is a major public health problem, especially in developing countries, where it is responsible for hundreds of thousands of deaths among children under the age of 5 years (28) . ETEC infection is acquired by the ingestion of contaminated food or drink. After the initial colonization of the proximal small intestine by fimbrial adhesins, ETEC will secrete at least one of two distinct classes of enterotoxins (heat-labile enterotoxin or heat-stable enterotoxin) (22) , which are considered the primary cause of diarrhea. Therefore, ETEC's main virulence factors are thought to be its enterotoxins and colonization factors. However, human and animal studies performed with ETEC strains that have lost the ability to produce enterotoxins indicate that enterotoxins may not be exclusively required for diarrhea (17, 23, 24, 27) . This result suggests the presence of previously uncharacterized enterotoxins or other virulence factors.
Although there is currently no direct evidence that ETEC strains invade human intestinal cells in vivo, intestinal biopsies taken from ETEC-infected piglets revealed intracellular bacteria (21) . Additionally, it has been shown that the humanspecific ETEC strain H10407 is able to adhere to and invade human epithelial cell lines derived from the ileocecum and colon (8) . Two chromosomally encoded epithelial cell adherence and invasion determinants (tia and tib) have been cloned from the classical ETEC strain H10407 (8, 9, 11) . The tib locus directs the synthesis of a 104-kDa outer membrane glycoprotein called TibA (8, 9, 20) . Four genes (tibA, tibB, tibC, and tibD) appear to be required for the synthesis of TibA. TibA is synthesized as a precursor (termed pre-TibA) from the tibA gene. The tibC gene product is required for glycosylation of pre-TibA to form the mature TibA protein (9, 20) . This modification is required for tib locus-mediated epithelial cell adherence and invasion (9) . The presence of TibA in the outer membrane is directly correlated with the ability of H10407 and recombinant E. coli strains to adhere to and invade epithelial cells (9, 20) . Deletion of the tib locus from H10407 eliminates TibA production by that strain and reduces the ability of H10407 to adhere to and invade epithelial cells by about 75% (9) . Therefore, it has been proposed that TibA acts as an adhesin and invasin. Here we report the purification of TibA from E. coli strain DH5␣ bearing a TibA-expressing plasmid. Purified TibA was used to develop an enzyme-linked immunosorbent assay (ELISA)-like binding assay. We demonstrate that purified TibA shows specific binding to cultured human intestinal epithelial cells. Additionally, we show that polyclonal TibA antiserum decreases TibA-mediated bacterial invasion of epithelial cells.
MATERIALS AND METHODS
Bacterial strains, tissue culture cells, and culture conditions. The humanspecific ETEC strain H10407 (serotype O78:H11; CFA/I) (11) was the wild-type strain from which the tib locus was cloned (8) . TIB3 is a tib deletion mutant of H10407 (9) . DH5␣ is a laboratory strain of E. coli that was used as a noninvasive control and was the recipient for tib locus-containing plasmids (13) . Bacteria were grown in Luria broth (10 g of tryptone, 5 g of yeast extract, 5 g of NaCl [pH 7.6]) at 37°C and 200 rpm. Ampicillin (final concentration, 100 g/ml) was added to the growth medium of strains bearing recombinant plasmids.
The human ileocecal epithelial cell line HCT8 (ATCC CCL 244) was maintained in RPMI 1640 medium containing 10% fetal bovine serum, 1 mM Lglutamine, and 1 mM sodium pyruvate (Life Technologies). HCT8 cells were grown at 37°C in 6% CO 2 .
Membrane fractionation. Outer membrane fractions were isolated as previously described (9, 25) . Briefly, Luria broth cultures (500 ml) were grown with shaking at 37°C to late log phase, harvested by centrifugation, and then lysed by two passages through a French press. Inner and outer membranes were sepa-rated by sucrose density ultracentrifugation. The protein concentration of membrane fractions was determined by the Bradford method (3) using a kit from Bio-Rad.
Purification of TibA. TibA was purified from outer membranes of E. coli DH5␣(pET109). Outer membrane (4 mg) was solubilized at room temperature in 2% sodium dodecyl sulfate (SDS) for 20 min, followed by 1 h of ultracentrifugation at 100,000 ϫ g at 4°C. The supernatant was then boiled for 10 min in Laemmli sample buffer (17) and loaded onto a discontinuous preparative SDSpolyacrylamide gel (4% stacking gel and 7.5% separating gel) (Mini Prep Cell; Bio-Rad). SDS-polyacrylamide gel electrophoresis (PAGE) was run at 200 V, 6 mA, 2 W, and 4°C until the dye front came off. The flow rate was adjusted to 0.1 ml/min, eluting the proteins in 10 mM HEPES containing 1 mM EDTA. The gel was run for an additional 4 h, draining the eluent. The flow rate was then further decreased to 0.02 ml/min, and 17 fractions (1-ml each) were collected. Thirty microliters of each fraction was subjected to SDS-7.5% PAGE and then stained with Coomassie blue. Fractions with equally high TibA concentrations were pooled and dialyzed against phosphate-buffered saline (PBS)-50 mM potassium phosphate-150 mM NaCl (pH 7.4) containing 0.1% Tween 20 overnight at 4°C. The concentration of purified TibA was determined using the Pierce Micro BCA protein assay. Purified TibA was sequenced by the Edman degradation method (7) using a Hewlett-Packard G1000-A protein sequencer.
Protein electrophoresis. Electrophoresis of membrane fractions, whole-cell extracts, and purified TibA was performed under denaturing conditions by the method of Laemmli (17) . Samples were prepared for electrophoresis by heating in treatment buffer at 95°C for 10 min. For the analysis of whole-cell extracts, 2-ml Luria broth cultures were grown to late log phase with shaking at 37°C, and then 1 ml was harvested by centrifugation and lysed in 200 l of treatment buffer. Twenty-microliter aliquots were loaded on SDS-PAGE gels. Gels were run for 12 to 14 h at 70 V at room temperature. Gels were stained for proteins with Coomassie blue or for glycoprotein as described below.
For immunoblotting, proteins separated by electrophoresis were transferred to nitrocellulose at 65 V for 1 h, followed by Ponceau S staining to confirm that electroblotting had occurred evenly. Filters were then blocked with casein filler solution (2% casein and 0.1% sodium azide in 10 mM Tris-buffered saline [TBS, pH 7.4]). Blocked filters were probed for 1 h with the indicated serum (1:1,000 dilution in casein filler), washed in Tris-buffered saline containing 0.05% Triton X-100, incubated for 1 h with peroxidase-conjugated protein A (Sigma) (1:2,000 dilution in casein filler), rewashed, and then detected with BM Blue precipitating peroxidase substrate (Roche).
Detection of glycoproteins. Glycoproteins were detected on nitrocellulose filters using method B of the DIG glycan detection kit according to the manufacturer's recommendations (Roche Molecular Biochemicals) and as described previously (20) . Briefly, proteins were separated by SDS-PAGE and blotted to nitrocellulose filters at 60 V for 60 min (26) . Subsequently, membranes were washed in PBS (50 mM potassium phosphate, 150 mM NaCl [pH 6.5]), and carbohydrates were oxidized with sodium metaperiodate. Oxidized carbohydrates were labeled with digoxigenin-conjugated hydrazide. Digoxigenin-labeled proteins were visualized using alkaline phosphatase-conjugated antidigoxigenin antibodies, followed by a color reaction with Nitro Blue Tetrazolium-X-phosphate.
Binding assays. Purified and dialyzed TibA was biotinylated according to the manufacturer's recommendation. Biotin (D-biotinoyl-ε-amidocaproic acid-N-hydroxyl succinimide ester; Roche Molecular Biochemicals) that had been dissolved at 1 mg/ml in dimethylformamide was incubated together with purified TibA at a 10:1 molar ratio of Biotin to TibA and a volume ratio of 1:50 (Biotin-TibA) for 4 h at 4°C. The mixture was then dialyzed against PBS containing 0.1% Tween 20 overnight. The same day, 10 5 HCT8 cells per well were plated in the wells of 96-well plates and incubated overnight at 37°C. After dialysis, the protein concentration of TibA was measured using the Micro BCA protein assay reagent kit (Pierce), and biotinylation was confirmed using dot blot. Confluent HCT8 monolayers were washed once in Earle's balanced salt solution (Life Technologies) and fixed at room temperature in 0.25% glutaraldehyde in Earle's balanced salt solution for 10 min. After two additional washes in PBS containing 0.1% Tween 20 (PBS/T), the wells were blocked in fetal bovine serum (FBS) containing 1% Tween 20 for 1 h at 37°C. After three washes in PBS/T, different concentrations of labeled TibA were added in a final volume of 60 l of PBS containing 0.1% Tween 20 and 0.1% SDS and incubated for 1 h at 37°C. Monolayers were then washed three times with PBS/T. Peroxidase-linked streptavidin (Roche Molecular Biochemicals) was diluted 1:20,000 in PBS/T, then added in a final volume of 60 l to each well, and incubated at 37°C for 1 h. Binding was detected by the addition of 100 l of peroxidase (POD) substrate (ABTS [2,2Ј-azino-di-(3-ethylbenzthiazoline sulfonate)] buffer system; Roche Molecular Biochemicals) per well, and color development was measured at 405 nm in an ELISA reader.
In competition assays, 4.8 pmol of biotinylated TibA was mixed with the indicated amount of unlabeled TibA. Each mixture was brought to a final volume of 60 l and final concentrations of 0.1% Tween 20 and 0.1% SDS. After incubation with fixed HCT8 cell monolayers at 37°C for 1 h, the wells were washed, and bound TibA was detected as described above.
Generation and use of polyclonal anti-TibA antiserum. Ten milligrams of TibA-containing outer membranes purified from E. coli DH5␣(pET109) was separated by SDS-7.5% PAGE and then stained with Coomassie blue. From analytical SDS-PAGE results, we estimated that TibA represented 10% of the total outer membrane protein separated by SDS-PAGE. Therefore, a total of 1 mg of TibA was used for all immunizations. The TibA band was then cut out of the gel, crushed, and used to immunize two New Zealand White rabbits by Alpha Diagnostic International, Inc. (San Antonio, Tex.). The animals were injected at weeks 0, 2, 4, 6, 8, 10, and 12, with test bleeds on weeks 7, 9, 11, and 13. The titer of anti-TibA antibodies in the serum was determined by ELISA. Ninety-six-well plates were coated with 500 ng of purified TibA overnight and blocked with 2% casein in TBS. Serial dilutions of the antiserum (1:1,000, 1:2,000, 1:4,000, 1:8,000, and 1:16,000) in PBS/T were added to each well. Bound antibody was detected by protein A coupled to peroxidase (Sigma) and quantified by measuring the optical density at 405 nm (OD 405 ) after development with the ABTS buffer system.
To prepare preabsorbed serum, 1 ml of serum was incubated for 1 h at 37°C with 1 ml of a 1:1 mixture of E. coli strains DH5␣ and TIB3. Bacteria were then removed by centrifugation twice at 16,000 ϫ g for 10 min, and the serum was used at a final dilution of 1:1,000 for Western immunoblots. For invasion inhibition experiments, antibodies from preabsorbed rabbit polyclonal antiserum and preimmune serum were affinity purified on a protein G column (MabTrap G II; Pharmacia) according to the manufacturer's recommendation. Affinity-purified immunoglobulins were dialyzed against PBS overnight at 4°C. The protein concentration in the dialyzed sample was determined by the Micro BSA assay (Pierce) and adjusted to 25 mg/ml. Purity was confirmed by SDS-PAGE, and the biological activity of the immune serum was detected by ELISA with 500 ng of purified TibA. It was necessary to affinity purify the antibodies because heat -inactivated rabbit serum inhibited bacterial growth, as determined by counts of viable bacteria grown under invasion conditions for 4 h (data not shown). Affinity-purified immunoglobulin G (IgG) from immune and preimmune sera did not inhibit bacterial viability (data not shown).
Invasion assays. Bacterial invasion of epithelial cells was measured as protection from the bactericidal antibiotic gentamicin (16) . Invasion assays were performed as previously described (8) . Briefly, approximately 5 ϫ 10 6 log-phase CFU were added to HCT8 monolayers (approximately 3.5 ϫ 10 5 cells in 24-well tissue culture plates), which were then incubated at 37°C for 4 h in a 6% CO 2 atmosphere. The actual inoculum for each experiment was determined by quantitative plate count. After being washed, the monolayers were incubated for an additional 1 h in tissue culture medium containing gentamicin. The infected monolayers were washed and then lysed in 1.0% Triton X-100 in deionized water, and the bacteria were quantified by plate count. Invasion is expressed as the percentage of organisms surviving exposure to gentamicin relative to the number of bacteria added to the tissue culture wells at the beginning of the assay. Since the results of invasion assays vary on a daily basis, the datum points presented in the figures are average values Ϯ standard deviation for triplicate wells of a single experiment and correlated with values obtained in replicate experiments that were performed at least three times.
In antibody inhibition experiments, preabsorbed and affinity-purified polyclonal rabbit (preimmune or anti-TibA immune) IgG in PBS was added (to reach the indicated dilutions) directly to the tissue culture medium 5 min prior to inoculation of wells with log-phase bacteria.
RESULTS
The tib locus mediates adherence to and invasion of human intestine epithelial cells by recombinant E. coli strains and ETEC strain H10407 (10) . Additionally, there is a direct correlation between the presence of TibA in the outer membrane and the adherence and invasion phenotypes of the tib locus (9). These results suggest that TibA acts as an adhesin and may be an invasin. Therefore, we were interested in determining if the TibA protein itself is capable of binding to epithelial cells. To VOL. 69, 2001 EPITHELIAL CELL BINDING BY ETEC TibA PROTEIN 53 address this question, we purified TibA and examined its ability to bind cultured human ileocecal epithelial cells. Purification of TibA. We purified TibA from outer membranes isolated from recombinant E. coli DH5␣ containing pET109 (9) . Plasmid pET109 contains the entire tib locus under its own promoter and overexpresses the TibA protein (9, 20) . We purified TibA from recombinant DH5␣ rather than from the parent ETEC strain because H10407 expresses TibA in low quantities when grown in broth culture (9, 20) and maximally produces TibA only when grown under adherence or invasion assay conditions (E. A. Elsinghorst, unpublished data). Therefore, to obtain the quantity of TibA required for our experiments, E. coli DH5␣(pET109) was used as the source of TibA-containing outer membranes.
Isolated TibA-containing outer membranes (Fig. 1A , lane 1) were solubilized in 2% SDS and then subjected to preparative SDS-PAGE (Bio-Rad MiniPrep Cell) with elution into HEPES-EDTA buffer. During elution, the flow rate was adjusted to 0.02 ml/min in order to obtain a maximal TibA concentration, as all attempts to concentrate TibA-containing fractions after elution resulted in significant loss of protein. All fractions were then analyzed by SDS-PAGE for the presence of TibA. Only fractions that were free of contaminating proteins were pooled and used for further experiments. Although we used a one-step purification, we are confident that the TibA preparations obtained by this procedure were free of major contaminants of higher or lower molecular mass, based on SDS-PAGE (Fig. 1A, lane 2) . Additionally, E. coli DH5␣ outer membranes do not contain proteins with a molecular mass similar to that of TibA (Fig. 1B) . Therefore, based on the single band seen by SDS-PAGE, we had purified TibA to apparent homogeneity. Additional evidence that our TibA preparation was free of contaminating DH5␣ outer membrane proteins will be discussed below.
To confirm that our purified protein was TibA, we determined its amino-terminal sequence. The sequence (AAYD NQTIGR) was strong and clean, indicating a single pure protein, and exactly matched the amino-terminal sequence previously published for TibA (20) . Additionally, we confirmed that our purified protein was glycosylated (Fig. 1C) . We previously had found that TibA is the only glycoprotein made by ETEC strain H10407 and that E. coli HB101 and DH5␣ do not produce glycoproteins in the absence of tib locus plasmids (21) (Fig. 1C) . We previously found that the multiple bands seen below the TibA band in glycoprotein stains (such as those observed in Fig. 1C, lane 1) are TibA breakdown products (20) .
TibA is an adhesin. Since the presence of TibA in the outer membrane is directly correlated with the adherence and invasion phenotypes of the tib locus (9), we were interested in determining if purified TibA binds epithelial cells in vitro. Therefore, aliquots of purified TibA were biotinylated and then incubated at increasing concentrations with glutaraldehyde-fixed and FBS-blocked confluent HCT8 (human ileocecum epithelial cell) monolayers. Binding of TibA to epithelial cells was concentration dependent and saturated at approximately 15 pmol, indicating specific binding to the epithelial cells (Fig. 2, diamonds) . Binding could not be detected when the various concentrations of labeled TibA were incubated in FBS-blocked wells that lacked HCT8 monolayers. It was reported earlier that purified E. coli outer membrane protein OmpW does not bind to HCT8 monolayers (20a) . These results indicate that epithelial cell binding is not a general prop- Every experiment was performed at least three times. The extent of biotin labeling varied from day to day, resulting in significant differences in color development. Therefore, both curves shown here represent the average of two experiments performed in duplicate.
erty of outer membrane proteins and that the observed TibA binding is due to a specific interaction between this protein and the epithelial cells.
The saturable binding of TibA to HCT8 cells suggested that TibA bound to some specific receptor(s) that was limited in number. To further confirm that the binding was specific, increasing amounts of unlabeled TibA were mixed with 4.8 pmol of labeled TibA. Ten picomoles of unlabeled TibA was enough to decrease binding of labeled TibA by 80% (Fig. 2, triangles) . The ability of unlabeled TibA to compete with labeled protein for binding to epithelial cells indicates the presence of a limited number of TibA binding sites, such as a specific receptor.
Characterization of anti-TibA antiserum. Polyclonal rabbit anti-TibA antiserum was generated using purified TibA as the antigen. In order to test the anti-TibA antiserum in a Western blot, it was preabsorbed with intact E. coli DH5␣ and the tib deletion mutant of H10407 (TIB3) to remove antibodies that recognized other E. coli outer membrane proteins and lipopolysaccharide. Western blots were then performed in which outer membranes of E. coli strain DH5␣(pHG165) and DH5␣(pET109) as well as purified TibA were analyzed. The preabsorbed immune serum detected TibA in outer membranes (Fig. 3A, lane 2) as well as purified TibA (Fig. 3A, lane  3) , but did not detect any proteins in DH5␣(pHG165) outer membranes (Fig. 3A, lane 1) . Preimmune serum did not detect TibA.
As a further confirmation that the purified TibA used in these studies was homogeneous, Western blots were performed using unabsorbed anti-TibA immune serum as a probe against whole-cell extracts of E. coli DH5␣ bearing either the TibA-expressing plasmid pET109 or the vector plasmid pHG165 as a control. If any DH5␣ proteins were contaminating the TibA preparation used as the antigen, antibodies against these proteins should recognize the corresponding proteins in the vector control. Unabsorbed anti-TibA antiserum failed to recognize any DH5␣ proteins with a mass similar to that of TibA (Fig. 3B) .
Anti-TibA antibodies inhibit invasion. The results obtained from binding experiments show that TibA acts as an adhesin. To address the question of whether TibA mediates invasion, antibodies to TibA were added to standard invasion assays. Preabsorbed antibodies purified on a protein G column and log-phase bacteria were added to the wells of a 24-well plate containing confluent HCT8 cells. A 1:10 dilution of anti-TibA antibodies inhibited invasion by recombinant E. coli DH5␣ carrying tib locus-bearing plasmids to the background levels observed with DH5␣ alone (Fig. 4A) . A 1:10 dilution of antiTibA antibodies inhibited H10407 invasion by about 70% compared to control wells receiving no antibody (Fig. 4B) . The level of H10407 invasion measured in the presence of antiTibA antibodies was similar to the extent of invasion observed for the H10407 tib locus deletion mutant TIB3 (Fig. 4B ). TIB3 has previously been shown to adhere to and invade HCT8 cells at about 25% of the wild-type H10407 level (9) even though it produces the fimbrial adhesin CFA/I at levels identical to those in H10407, as determined by hemagglutination titer and colony immunoblots using anti-CFA/I antiserum. The deletion in TIB3 removes the tibB, tibC, and tibD genes and 70% of the tibA gene, leaving this strain unable to synthesize the TibA protein (9, 20) . The residual invasion activity of TIB3 appears to reflect the presence of the tia locus in this strain, as tia deletion derivatives of TIB3 fail to invade HCT8 cells (Elsing- horst, unpublished). The ability of anti-TibA antibodies to inhibit tib locus-mediated invasion indirectly suggests that TibA acts as an invasin. However, these results do not prove that Tia is an invasin, since the effect of anti-Tia antibodies might be indirect.
DISCUSSION
It has previously been reported that the chromosomally encoded tib locus from the human-specific ETEC strain H10407 mediates adherence to and invasion of epithelial cells (9) . The tib locus directs the synthesis of TibA, a 104-kDa outer membrane glycoprotein (20) . It has been shown that the tib locus adherence and invasion phenotypes are directly correlated with the presence of TibA in the outer membrane of recombinant E. coli. Additionally, tib deletion mutants of H10407 are defective in epithelial cell adherence and invasion (9) . These results suggest that TibA is responsible for the adherence and invasion phenotypes encoded by the tib locus. Therefore, we have proposed that the TibA protein is a previously uncharacterized afimbrial adhesin that can mediate invasion. In support of the hypothesis that TibA acts as an adhesin, we have previously reported that TibA is homologous to pertactin and AIDA-I, afimbrial adhesins identified in Bordetella pertussis and the pathogenic diffusely adhering E. coli, respectively (1, 5, 20) .
To gain direct evidence for its biological activity, we purified TibA from recombinant E. coli bearing a TibA-expressing plasmid. Purified TibA bound to cultured human ileocecal epithelial cells in a specific and saturable manner. Unlabeled TibA could compete with biotin-labeled TibA for binding. These results indicate that TibA is an adhesin that recognizes a specific receptor that is limited in abundance on the surface of HCT8 cells. These experiments do not provide direct evidence that TibA is an invasin. However, we show that anti-TibA polyclonal antibodies inhibit epithelial cell invasion by ETEC strain H10407 and by recombinant E. coli carrying tib locusbearing plasmids. This result provides indirect evidence that TibA acts as an invasin.
We purified TibA under denaturing conditions. Attempts to purify TibA under nondenaturing conditions, including the use of nonionic detergents to solubilize the outer membrane, were unsuccessful. During these purification attempts, we found TibA to be a highly unstable protein that is very susceptible to proteolytic cleavage. As previously reported, TibA belongs to the autotransporter family of proteins, and its C-terminal 311 residues appear to code for a 14-stranded ␤-barrel that is inserted in the outer membrane (20) . The hydrophobic nature of this region appears to make TibA difficult to purify in a native form. Denaturing conditions increased TibA stability while allowing the protein to retain at least part of its biological activity. As previously reported, TibA must be modified for tib locus-mediated epithelial cell adherence and invasion to occur (9) . This result suggests that TibA carbohydrates are involved in its biological activity, potentially contributing to the binding activity of our purified protein in spite of denaturation.
Like many other enteric pathogens, ETEC strain H10407 can express fimbrial and afimbrial adhesins and invasins. The fimbrial adhesins (i.e., CFAs) are thought to mediate the initial adherence to the intestinal epithelium that is required to resist the flushing activity of the intestine. It has previously been shown that CFAs are required for ETEC to cause disease (2, 4, 6, 12, 19) . The role of afimbrial adhesins and invasins in ETEC pathogenesis is unclear. Afimbrial adhesins have been found to mediate closer contact between the bacterium and the host cell than fimbrial adhesins (22) . This close contact is often required for the more effective delivery of toxins or other effector molecules to the eukaryotic host cell (14, 15) . Since enterotoxins appear to be primarily responsible for the water loss associated with ETEC infections, the role of afimbrial adhesins such as TibA may be to provide close contact with the host cell for the most effective delivery of enterotoxin. Additionally, epithelial cell invasion stimulated by a TibA-receptor interaction may contribute to pathogenesis through yet undetermined mechanisms.
